Introduction {#S0001}
============

Coeliac disease (CD) is a permanent state of intolerance to gluten, i.e., alcohol-insoluble proteins of wheat, rye, and barley \[[@CIT0001]\]. The immunological response to gluten in gluten-sensitive people causes appearance of coeliac serological antibodies beside histological abnormalities of the small intestinal mucosa, comprising influx of lymphocytes into the epithelium, crypt hyperplasia, and, ultimately, villous atrophy \[[@CIT0002]\]. This results in various symptoms and signs of malabsorption \[[@CIT0001], [@CIT0002]\]; however, removal of gluten from the diet is essential for patients with CD \[[@CIT0002]\].

Serological testing has a well-established place in the diagnosis and screening of CD and in this setting anti-gliadin antibodies (AGA), anti-endomysial antibodies (EMA) and anti-tissue transglutaminase antibodies (tTG) are useful and have been compared and reviewed in many studies \[[@CIT0001]--[@CIT0005]\].

After commencing a gluten-free diet (GFD), symptoms improve within weeks and coeliac antibodies may normalize within 6-12 months \[[@CIT0003]\]. Guidelines have traditionally recommended that follow-up endoscopy and biopsies should be performed after commencing a GFD to document the histological improvement and to confirm the clinical remission and dietary compliance \[[@CIT0005]--[@CIT0007]\]. Follow-up endoscopy after 4-6 months on a GFD is considered as the gold standard in evaluating dietary compliance \[[@CIT0007], [@CIT0008]\]; meanwhile, frequently repeated biopsies are neither practical nor cost-effective so that the follow-up data on serologic markers negativity and small intestinal recovery in CD are scarce and contradictory. Shmerling and Franckx \[[@CIT0009]\] reported complete normalization of the small intestinal mucosa with negative serological markers in all of 91 children with CD who were on a gluten-free diet. Congdon *et al*. \[[@CIT0010]\] found persisting villous atrophy in 2 of 10 children with CD. Grefte *et al*. reported slow and incomplete histological and functional recovery in 22 adults with CD after 24 to 48 months of a gluten-free diet.

Coeliac disease is a common diagnosis among children and adults in Iraq \[[@CIT0012]--[@CIT0015]\]; however, follow-up study of CD has not yet been carried out in Iraq. The aim of the present study was to assess the serological and histological recovery profiles of Iraqi coeliac patients after commencing a GFD, who were seen in medical city hospitals during a 5-year period.

Material and methods {#S0002}
====================

This study included 78 consecutive untreated coeliac patients (46 children (26 female, 20 male) and 32 adults (14 female, 18 male), median age: 15 years, range: 1--66 years) referred to Medical City hospitals in Baghdad, during a period of five years.

Duodenal biopsy was performed in all patients on the bases of clinical history and serological assessment, including AGA, EMA, tTG antibodies testing.

Biopsies were interpreted by two pathologists who were not informed about the clinical status of the patients and interpreted small intestinal histological features, according to the Marsh classification and the modified Marsh criteria \[[@CIT0016], [@CIT0017]\]: Marsh I consists of raised intraepithelial lymphocytes (IELs) with \> 40 lymphocytes per 100 enterocytes, Marsh II consists of raised intraepithelial lymphocytes and crypt hyperplasia, Marsh IIIa partial villous atrophy, Marsh IIIb subtotal villous atrophy, and Marsh IIIc total villous atrophy.

A follow-up biopsy and serological monitoring were repeated at 1 year ± 1 month after gluten withdrawal. Serum IgA EMA was detected qualitatively by the indirect immunofluorescent (IIF) method using commercial slides of monkey esophagus (from Medic Company, Italy), with reticular staining of the muscularis mucosa at serum dilution of 1: 3 reported as positive. However, AGA and tTG were performed by enzyme-linked immunosorbent assay (ELISA) in duplicate and according to the manufacturers' instructions.

All patients gave informed written consent and the study was approved by the Ethics Committee of the College of Medicine, University of Baghdad.

Statistical analysis {#S20003}
--------------------

Analysis comprised summary statistics for gender and age, and comparative analysis between the findings before and after GFD. Data were analysed using SPSS v10 for Windows and paired *t*-tests were used to compare the change in histopathology findings (Marsh grade) after the follow-up period. Data values were adjusted for age and initial values. Analyses where the *p*-value was \< 0.05 were considered to be statistically significant.

Results {#S0004}
=======

Since children with CD differ from adults in certain aspects, the associations presented in this study were grouped into two categories; first, children (\< 18 years) (female to male ratio: 1.29: 1); second, adults (\< 18 years) (female to male ratio: 0.82: 1).

At study enrollment, all subjects had to have villous atrophy (Marsh stage III), to be eligible to participate in the follow-up study. [Table I](#T0001){ref-type="table"} shows a comparison between histopathological results in coeliac patients before and after GFD according to age group. Complete histological remission was seen in 29 (63.1%) of 46 treated children CD patients within 1 year ± 1 month, while only 5 (10.9%) treated children with CD showed Marsh IIIa changes compared with 11 (24%) before GFD; these patients are known as histological non-responders. Only 2/46 (4.3%) treated children coeliacs showed Marsh IIIb compared with 22 (47.8%) before GFD, while none of the treated children coeliacs showed Marsh IIIc (these are also known as histological responders) compared with 28.2% before treatment. Similar results were obtained in adult CD patients, in whom only 1 patient (3.1%) showed Marsh IIIa compared with 25% of patients before GFD, while none of the adults after GFD showed Marsh IIIb and Marsh IIIc compared with 46.9% and 28.1% before treatment respectively (*p* = 001).

###### 

Comparison between histopathological results in coeliac patients before and after GFD according to age group

                         Histopathology   Before GFD   After GFD   Value of *p*          
  ---------------------- ---------------- ------------ ----------- -------------- ------ -------
  **Coeliac children**   Marsh I          0            0           7              15.2   0.001
  Marsh II               0                0            3           6.5                   
  Marsh IIIa             11               24           5           10.9                  
  Marsh IIIb             22               47.8         2           4.3                   
  Marsh IIIc             13               28.2         0           0                     
  Normal histology       0                0            29          63.1                  
  Total                  46               100          46          100                   
  **Coeliac adults**     Marsh I          0            0           3              9.4    0.001
  Marsh II               0                0            2           6.2                   
  Marsh IIIa             8                25           1           3.1                   
  Marsh IIIb             15               46.9         0           0                     
  Marsh IIIc             9                28.1         0           0                     
  Normal histology       0                0            26          81.3                  
  Total                  32               100          32          100                   

At baseline, 41 (89.1%) of 46 children CD patients were positive to AGA while 5 patients (10.9%) were negative. At the 1 year ± 1 month follow-up, the AGA level had normalized in 43 (93.5%) of the 46 subjects. Overall, there was a significant reduction in AGA levels (*p* = 0.0001) following a GFD. Meanwhile, 22 (68.7%) of 32 adult CD patients were positive to AGA at baseline. At the 1 year ± 1 month follow-up, the AGA level had normalized in all adult CD patients; this was a strongly significant reduction in AGA (*p* = 0.00001) ([Table II](#T0002){ref-type="table"}).

###### 

Comparison between AGA tests in coeliac patients before and after GFD according to age group

                         AGA        Before GFD   After GFD   Value of *p*         
  ---------------------- ---------- ------------ ----------- -------------- ----- ---------
  **Coeliac children**   Positive   41           89.1        3              6.5   0.0001
  Negative               5          10.9         43          93.5                 
  Total                  46                      46                               
  **Coeliac adults**     Positive   22           68.7        0              0     0.00001
  Negative               10         31.3         32          100                  
  Total                  32         100          32          100                  

As shown in [Table III](#T0003){ref-type="table"}, at baseline, 43 (93.5%) of 46 children CD patients were positive to IgA EMA, while 3 patients (6.5%) were negative. At the 1 year ± 1 month follow-up, the EMA had normalized in 44 (95.7%) of the 46 patients. There was a significant reduction in EMA (*p* = 0.0001). However, all 32 (100%) adult CD patients were positive for EMA at baseline, while none of these 32 treated adult CD patients showed positive EMA at the 1 year ± 1 month follow-up; this was a strongly significant reduction in EMA (*p* = 0.00001).

###### 

Comparison between EMA tests in coeliac patients before and after GFD according to age group

                         EMA        Before GFD   After GFD   Value of *p*         
  ---------------------- ---------- ------------ ----------- -------------- ----- ---------
  **Coeliac children**   Positive   43           93.5        2              4.3   0.0001
  Negative               3          6.5          44          95.7                 
  Total                  46         100          46          100                  
  **Coeliac adults**     Positive   32           100         0              0     0.00001
  Negative               0          0            32          100                  
  Total                  32         100          32          100                  

Similarly to the results for EMA, at baseline 43 (93.5%) of 46 children CD patients were positive to IgA tTG antibodies while 3 patients (6.5%) were negative, but at the 1 year ± 1 month follow-up, the tTG antibody level had normalized in 42 (91.3%) of the 46 children. Overall, there was a significant reduction in tTG levels (*p* = 0.0001) following a GFD. However, all 32 adult CD patients were positive for tTG at baseline, but at the 1 year ± 1 month follow-up, the tTG level had normalized in all adult CD patients; there was also a strongly significant reduction in tTG antibody levels (*p* = 0.00001) ([Table IV](#T0004){ref-type="table"}).

###### 

Comparison between tTG tests in coeliac patients before and after GFD according to age group

                         tTG Ab     Before GFD   After GFD   Value of *p*         
  ---------------------- ---------- ------------ ----------- -------------- ----- ---------
  **Coeliac children**   Positive   43           93.5        4              8.7   0.0001
  Negative               3          6.5          42          91.3                 
  Total                  46         100          46          100                  
  **Coeliac adults**     Positive   32           100         0              0     0.00001
  Negative               0          0            32          100                  
  Total                  32         100          32          100                  

Discussion {#S0005}
==========

A trial was done to assess the response to commencing a GFD in our coeliac patients as the first study in an Iraqi population to prospectively examine histological and serological findings 1 year ± 1 month after the first diagnosis.

Compliance with a GFD is likely protective against the development of non-Hodgkin\'s lymphoma in CD and dermatitis herpetiformis. There is compelling evidence that treatment of symptomatic CD with a GFD for at least 12 months can result in increased body weight, body mass index, fat mass, bone mass, triceps skin fold thickness, and nutritional and biochemical status including iron absorption \[[@CIT0008]\]. However, studies have shown that whilst small bowel histology improves following a GFD, the small bowel does not generally normalize within 12 months \[[@CIT0004], [@CIT0018]\]. Histopathological examination allows direct visualization of the degree of mucosal damage, allowing appropriately tailored follow-up strategies to be formed using not only gastrointestinal symptoms but also recognizing patients with refractory CD \[[@CIT0004], [@CIT0018], [@CIT0019]\].

Histological recovery profiles of 78 patients with CD in our study revealed that only 63.1% of the children patients and 81.3% of adult patients reached complete histological remission within 1 year ± 1 month. Meanwhile, within this time, 15.2% among the children group and 9.4% among the adult group were in remission (Marsh I). Recovery numbers in cases with subtotal or total villous atrophy (Marsh IIIb and IIIc) were lower than those in subjects with partial villous atrophy (Marsh IIIa): 10.9% and 3.1% among children and adults respectively. After 1 year ± 1 month of follow-up, 15.2% of children patients and 3.1% of adult patients with CD still had at least partial villous atrophy; these are considered to have clinically refractory CD ([Table I](#T0001){ref-type="table"}).

Histological non-response to GFD manifests as persistent features of enteropathy on mucosal biopsy \[[@CIT0020]\]. This should provide the clue to search for other causes of CD. Other causes include pancreatic insufficiency, secondary lactose deficiency, bacterial and parasitic overgrowth, coexisting inflammatory bowel disease, collagenous colitis and lymphocytic colitis \[[@CIT0021]\]. Hence, it is important to determine the presence of persistent villous atrophy and then refractory CD is diagnosed \[[@CIT0020]--[@CIT0022]\].

The response to gluten withdrawal in patients is variable, and notably, the clinical, histological, and serological responses often do not occur in parallel. Clinically, a marked symptomatic improvement may occur within several days, whereas mucosal improvement may take up to 2 years \[[@CIT0023]\]. Histological response is characterized by a significant increase in villous size (reduction in villous atrophy), reduction in crypt hyperplasia and finally a reduction in the IEL count. Many responding patients may have continued mild elevation of the IEL count (Marsh I) (10 patients in this study), despite normalization of villous architecture and normal crypt size. This indicated that the expression of gluten hypersensitivity as enteropathy is measurable only if a count of IELs was performed, even if it may be minimal. This was consistent with other studies \[[@CIT0023], [@CIT0024]\]. Furthermore, the recovery among the adult group in our study seemed to progress faster and more completely than among children; this may be because the group of adults diagnosed with CD in our cohort was small. Until the early 2000s, endoscopies in Iraqi adults were performed only in advanced GIT diseases, which is why the majority of adult cases of CD in Iraq have been misdiagnosed. On the other hand, in Iraq, clinicians still depend on their patients' own follow-up due to severe lack of dieticians in our hospitals. However, self-reporting of compliance with a GFD that is followed in other countries at clinics is open to erroneous reporting by the patient \[[@CIT0025]\]. Self-reported measuring of compliance is achievable and should be used in routine clinical practice far more frequently than objective measures.

As CD has revealed itself to be more common in Iraq than previously thought \[[@CIT0012]--[@CIT0015]\], and the clinical picture of the untreated condition is protean, the use of CD antibody tests has increased significantly \[[@CIT0026]\]. Coeliac antibodies such as AGA, EMA and t-TG antibodies are widely used now in clinical practice. Although still believed to reliably suggest adherence to the diet and indirectly to predict resolution of mucosal histological abnormalities, they do not indicate complete villous recovery and cannot substitute for follow-up biopsy. However, the persistence of serum antibodies is a reliable indicator of both poor diet compliance and mucosal impairment \[[@CIT0026], [@CIT0027]\].

There were high numbers of negative antibodies in this work, among 46 children and 32 adult coeliac subjects after commencing GFD, but still 3--4 child patients showed positive serology either in one test or more than one test. The positive results indicated either that the patient was not on a strict GFD, especially in children, or there was no response to the GFD. This study has demonstrated that all three markers AGA, EMA, and anti-tTG antibody measurements in the Iraqi CD population are useful in clinical practice. We have confirmed that strict gluten-free dietary adherence leads to normalization of coeliac antibodies. This was consistent with many studies in other countries \[[@CIT0005], [@CIT0027], [@CIT0028]\] but our study has also confirmed that in the setting of CD follow-up, there are no advantages of anti-tTG antibody over EMA among Iraqi CD patients as an indicator of response to GFD. This finding was not consistent with other reports \[[@CIT0024], [@CIT0029]--[@CIT0032]\], and may be related to differences in ethnicity.

In conclusion, this study has shown that repeating the duodenal biopsy 1 year ± 1 month after diagnosis and starting a GFD supports the routine measurement of using histological findings as a gold standard test to confirm recovery of CD patients along with using known coeliac serology antibodies. Our data also indicated that serological assay for coeliac antibodies could be used as a first-level investigation before noninvasive testing in the diagnostic panel for CD to avoid unnecessary biopsies. Moreover, data have also confirmed that in the setting of serological CD follow-up, there are no advantages of anti-tTG antibody over EMA among Iraqi CD patients as an indicator of response to GFD.
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